The Wingate anaerobic test (WAnT) has been used extensively to evaluate performance in soccer, however, a comprehensive sport-specific normative database has not been available so far. Therefore, the main aim of the present study was to develop norms of the main indices of the WAnT with regards to age in soccer. A secondary aim was to examine the relationship of WAnT with two common field tests, 20 m sprint and vertical jump, and study the variation of this relationship by age and playing position. Hundred and ninety five male soccer players (age 18.1 ± 4.9 years) performed the WAnT, and a sub-sample of 190 soccer players (age 19.4 ± 5.1 years) performed 20 m sprint, squat (SJ) and countermovement jump (CMJ). Age was related very largely with peak power (R 2 = 0.57) and mean power of the WAnT (R 2 = 0.60) when they were expressed in W, and largely (R 2 = 0.41 and R 2 = 0.33, respectively) when they were expressed in W.kg −1 , whereas it did not relate with fatigue index. After being adjusted for age, a relationship of SJ (B = 3.91, 90% CI: 2.49, 5.32; R 2 = 0.26), CMJ (B = 3.59, 90% CI: 2.22, 4.95; R 2 = 0.24) and 20 m sprint (B = -0.06, 90% CI: -0.10; -0.01; R 2 = 0.19) with peak power of the WanT was observed. In summary, P peak and P mean were related very largely to age, especially during adolescence, and percentile norms of these indices were developed for 1-year age groups from 11 to 21 years old and for a single adult age group (22-39 years old). These findings on the largest dataset of soccer players ever studied would be expected to offer a practical tool to the members of the sports medicine team (e.g., exercise physiologists, fitness trainers, and coaches) working with them.
INTRODUCTION
The Wingate anaerobic test (WAnT) has been a major laboratory test of short-term high-intensity performance in the field of soccer exercise physiology/exercise testing (Al-Hazzaa et al., 2001; Meckel et al., 2009 ). This test has been shown to differentiate soccer players from athletes of other sports (Kalinski et al., 2002; Harbili, 2015; Jakovljević et al., 2018) . Also, it discriminated soccer players with cerebral palsy from their healthy peers and general population, too (Yanci et al., 2016) .
Moreover, it has been used as a golden standard to validate field tests in this sport (Thomas et al., 2002; Hazir et al., 2018) and it correlated with match performance (Pekas et al., 2016) . It has been used to monitor the effectiveness of training, e.g., a 2 months preparation training program (Vasileios et al., 2018) , 6 weeks training (Kazem et al., 2016) or 8 weeks training (Polczyk and Zatoń, 2015) , and nutrition intervention in soccer players (Yáñez-Silva et al., 2017) . Despite the documented popularity of the WAnT in soccer, surprisingly no comprehensive sportspecific normative data have been ever published. To the best of our knowledge the largest existing dataset of WAnT included 457 male athletes of various sports including soccer players, age 18-25 years old (Zupan et al., 2009) , however, this dataset did not present classification of performance by sport.
On the other hand, short-term high-intensity performance in soccer might be evaluated out of the laboratory using the so-called field exercise tests. In the field, sprints and jumping tests would be selected based on their relevance with dynamic actions with increasing demands of muscle power and strength (Chamari et al., 2004) . A popular running test in soccer was 20 m sprint and jump tests included squat (SJ) and countermovement jump (CMJ) (Loturco et al., 2017; Pojskic et al., 2018) . It has been previously observed that sprint and jump tests were correlated with the WAnT in soccer (Nikolaidis et al., 2015 (Nikolaidis et al., , 2016 . Furthermore, performance in the abovementioned exercise tests might vary by age (Asano et al., 2013) and playing position (Joo and Seo, 2016) . Nevertheless, no information about the variation of the relationship of the WAnT with 20 m sprint, SJ and CMJ by age and playing position has been available so far. Soccer players usually were assigned into four playing positions (forward, midfielders, defenders, and goalkeepers) differing for their physiological demands (Gil et al., 2007; Deprez et al., 2013) . In addition, soccer players were classified into age groups during the adolescence, considering their growth and maturation (Deprez et al., 2013) . Therefore, the main aim of the present study was to develop norms of the main indices of the WAnT with regards to age in soccer. A secondary aim was to examine the relationship of WAnT with two common field tests, 20 m sprint and vertical jump, and study the variation of this relationship by age and playing position.
MATERIALS AND METHODS

Study Design and Participants
A group of 995 soccer players from the region of Athens (age 18.1 ± 4.9 years; Table 1 ) voluntarily participated in the study and performed the WAnT. A sub-group of 190 participants (age 19.4 ± 5.1 years) performed also 20 m sprint, SJ and CMJ. The participants were from different soccer clubs from the region of Athens, where they practiced for 4-5 training sessions, each lasting ∼90 min, and participated in one soccer match per week. These clubs competed in the third and fourth national leagues of Greece. The testing procedures were performed during the preparation period of competitive seasons during [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] [2017] [2018] . Eligibility criteria for this study were that the participants would be free of injury or illness during the research analyses. Prior to exercise testing, they had been instructed to maintain their physical activity and nutrition routines similar to those they used before matches. The institutional review board of Exercise Physiology Laboratory, Nikaia, Greece, approved this study and all participants provided their written informed consent. The experiment followed the ethical guidelines for the study of humans as suggested by the Declaration of Helsinki. Participants were grouped into four playing positions (goalkeepers, defenders, midfielders, and forward). In addition, the total sample was classified into 1 year age groups from 11 to 35 years to study the relationship of the WAnT with age and develop percentile norms. A sub-sample was divided into four age groups (12-14, 14-16, 16-18 , and > 18 years old) to examine the combined effect of age and playing position on the relationship of the WAnT with 20 m sprint, SJ and CMJ.
Procedures and Protocols
Each participant of the total group was tested once (WAnT), whereas the participants from the subgroup were tested during two sessions within a week and not on consecutive days (48 h interval). The first testing session took place in the laboratory, where they were examined for anthropometric characteristics (body height, body weight and skinfold thickness), and performed, SJ, CMJ, and the WAnT. During the second testing session, they were tested on a 20 m sprint in the field. The warm-up included a 10 min submaximal aerobic exercise and 10 min dynamic stretching exercises. Similar procedures of warm-up before sprinting and high-intensity tests have been used recently (Mann et al., 2015) . This submaximal exercise was performed on a cycle ergometer in the first session and jogging in the second session.
Body height and weight were measured before warm-up during the first session using a stadiometer (SECA, Leicester, United Kingdom) and an electronic scale (HD-351 Tanita, IL, United States), respectively. Body Fat was estimated by skinfold thickness (Harpenden, West Sussex, United Kingdom) at 10 sites (cheek, wattle, chest I, triceps, sub-scapular, abdominal, chest II, suprailiac, thigh and calf; BF = −41.54 + 12.636 × log e x, where x was the sum of 10 skinfolds) using the Parizkova formula (Eston and Reilly, 2001 ). The skinfold thickness was calculated by a researcher with more than 10 years of experience in this procedure. Chronological age was calculated using a table of decimals of year. All anthropometric measurements were performed according to standardized procedures (Eston and Reilly, 2001 ).
In the two single vertical jump tests (SJ and CMJ), participants were asked to jump as high as possible (Aragon-Vargas, 2000) over a photocell platform (Opto-jump, Microgate Engineering, Bolzano, Italy). The two tests were performed on a randomized order. Two trials were performed for each jump test and the best one was recorded for further analysis. The height of each jump was calculated from the flight time. The participants were instructed beforehand in order to guarantee the proper jump technique.
The WAnT was performed on a cycle ergometer (Ergomedics 874, Monark, Sweden) (Driss and Vandewalle, 2013) . Participants were instructed to pedal as fast as possible for 30 s against The 20 m sprint test was performed at an outdoor soccer synthetic field (Nikolaidis et al., 2016) . The test was administered twice and the best trial was recorded for further analysis. Each trial, starting from a standing position with the front foot placed 0.5 m before the first pair of photocells, was timed using three pairs of electronic timing gates (Brower Timing System, Salt Lake City, UT, United States) placed at 0, 10, and 20 m, as well as 1 m above the ground.
Statistical Procedures
Cohen's D (d) was used to evaluate the effect size test for differences between pairwise comparisons. The following classification of magnitude of d was applied (Ferguson, 2009 ): no effect (d < 0.41), minimum effect (0.41 < d < 1.15), moderate effect (1.15 < d < 2.70) and strong effect (d > 2.70). The partial eta squared (η 2 p) tested the effect size (ES). Ferguson's classification for the ES was used (Ferguson, 2009 ): no effect (ES < 0.04); minimum effect (0.04 < ES < 0.25); moderate effect (0.25 < ES < 0.64); and strong effect (ES > 0.64). A generalized linear model was created to test the independent associations between the WAnT (above the mean) and the performance variables of the 20 m Sprint Test (speed), SJ (strength), and CMJ (strength). We computed beta coefficients with 90% confidence intervals (CI) were computed and coefficient of determination (R 2 ) to describe the amount of variance/prediction on the dependent variable (speed and strength) among athletes after adjustment for age. All statistical analyses were performed with IBM SPSS version 19 and significance was set at p = 0.05.
RESULTS
In the total sample, age was related very largely with peak power (R 2 = 0.57) and mean power of the WAnT (R 2 = 0.60) when they were expressed in W, and largely (R 2 = 0.41 and R 2 = 0.33, respectively) when they were expressed in W.kg −1 , whereas it did not relate with fatigue index (Figure 1) . The anthropometric characteristics were shown in Table 2 . Normative data of WAnT indices were presented in Table 3 .
With regards to the sub-group that performed WAnT, 20 m sprint, SJ, and CMJ, descriptive statistics by age group and playing position were shown in Table 4 . The analysis of age × age group indicated interactions for Ppeak (p = 0.316; η 2 p = 0.057, minimum effect), Pmean (p = 0.147; η 2 p = 0.072, minimum effect) and CMJ (p = 0.073; η 2 p = 0.084, minimum effect), 20 m (p = 0.016; η 2 p = 0.107, minimum effect), and SJ (p = 0.011; η 2 p = 0.112, minimum effect).
Inter-Age Group Changes
Moderate differences among age groups were found on Ppeak 
Between-Playing Positions Changes
No effect between playing positions was found in Ppeak 
Prediction of WAnT From 20 m Sprint and Jump Tests
The modeling of the associations of the WAnT with speed (20 m sprint) and strength (SJ and CMJ) can be seen in Table 5 . After being adjusted for age, a relationship of SJ, CMJ, and 20 m sprint with peak power of the WanT was observed.
DISCUSSION
The main findings of the present study were that (a) age was related very largely with peak power and mean power of the WAnT, whereas it did not relate with fatigue index, (b) since the WAnT indices varied by age, especially during adolescence, percentile norms were developed for 1 year age groups, (c) a main effect of age on the WAnT, 20 m sprint, SJ, and CMJ was observed with the older the age group, the better the performance, and (d) no difference in testing outcomes by playing position was shown.
The differences in 20 m sprint, SJ and CMJ showed similar trend, i.e., the older age groups had better outcome in all performances than the younger age groups. Moreover, it should be highlighted that these differences tended to decrease across adolescence, an observation which was in agreement with previous research (Slimani and Nikolaidis, 2017) . Regarding 20 m sprint, the results were in line with previous research (Al Haddad et al., 2015) , which found better performance by adults in comparison to adolescent soccer players, while older adolescents performed better than younger adolescents, and no differences were observed between the adult groups. The findings in Ppeak and Pmean of the WAnT confirmed previous Frontiers in Physiology | www.frontiersin.org 669  713  769  811  764  785  773  785   90  440  529  588  642  681  710  734  743  761  760  765   75  394  479  534  585  632  671  683  699  700  723  722   50  323  428  478  533  580  620  616  648  659  657  673   25  287  352  420  474  527  562  572  592  618  577  615   10  261  299  359  426  477  499  540  541  586  537  556   5  249  284  332  375  431  455  512  530  546  516  529 Mean power (W.kg −1 ) 95 8.4 9.1 9.3 9.7 9.7 9.9 10.0 10.1 10.2 9.9 9.8 90 8.1 8.8 9.0 9.4 9.5 9.7 9.7 9.9 10.0 9.7 9.6 75 7.9 8.2 8.5 8.9 9.1 9.3 9.2 9.5 9.4 9. research, where differences were shown among age groups across adolescence, with the age groups in the higher spectrum of adolescence performing better than those in the lower spectrum (Slimani and Nikolaidis, 2017) . A novel finding was that no differences in Ppeak and Pmean were observed among adult soccer players indicating that long-term adaptations to soccer training might be adequate for the maintenance of performance in the WAnT. The increase of Ppeak and Pmean across adolescence coincided with an increase of weight and FFM during this period of human life. This finding was in agreement with Carvalho et al. (2011) who observed that the increments in the WAnT of athletes GK, goalkeeper; DF, defender; MF, midfielder; FW, forward; yo, years old; SJ, squat jump; CMJ, counter-movement jump; Ppeak, peak power; Pmean, mean power. were related to both corresponding increments of weight and FFM during this period. Very large correlations of FFM with Ppeak and Pmean have been shown in another study (Kim et al., 2011) , which would suggest that a lack of differences in Ppeak and Pmean among age groups of adult soccer players might be due to their similar weight and FFM.
Considering that the WAnT was the gold standard in the laboratory assessment of anaerobic power in athletes (Zupan et al., 2009) , it was examined whether the WAnT could predict the values of performance variables such as sprint and vertical jump. Since adolescence had an important contribution in the development of strength and power (Deprez et al., 2013; Lovell et al., 2015) , the values were adjusted to the age. An association of Ppeak with 20 m sprint, SJ, and CMJ was observed in the present study, where Ppeak could independently explain a large proportion of 20 m sprint (19%) and jumping ability (24-26%).
Limitations, Strength, and Practical Applications
A limitation of the present study was that it considered adult soccer players of a specific performance level (their clubs competed in the third and forth national division), whereas the adolescent soccer players could not be characterized for their performance level as they were not competed to national divisions. Thus, caution would be needed to generalize these findings in soccer players with different performance level. On the other hand, strength of the study was its novelty as it presented WAnT data of the largest sample of soccer players ever studied. The large sample offered the opportunity to examine differences among adult age groups and develop percentile norms for 1 year age groups across adolescence. Knowledge of the variation of performance indices, such as WAnT, 20 m, SJ, and CMJ by age, especially across adolescence, would be of great practical value for the members of the sports medicine team working with soccer players. These norms might be used for purposes of talent identification, soccer players' selection, monitoring training and rehabilitation. Using norms 1 year age groups would be of particular value in adolescence, which was a period of human life with large changes in short-term highintensity performance (Deprez et al., 2013) .
CONCLUSION
In summary, the main indices of the WAnT (Ppeak, Pmean, and FI) were examined in the large database of (∼1000) male soccer players from 11 to 39 years old. Since P peak and P mean were related very largely to age, especially during adolescence, percentile norms these indices were developed for 1 year age groups from 11 to 21 years old and for a single age group from 22 to 39 years old. Furthermore, we confirmed the moderate to large relationship of the WAnT with 20 m sprint, SJ, and CMJ in a sub-sample of (∼200) soccer players. These findings would be expected to fill a major gap in exercise testing of male soccer players and offer a practical assessment tool to the members of the sports medicine team (e.g., exercise physiologists, fitness trainers, and coaches) working with them.
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